Pineal hemorrhage only occurs in rare cases, and this known to have several different causes such as germ cell tumors, pineal cysts and vascular malformations, including the cavernous malformations. Pineal cavernous malformations are extremely rare: to date only fifteen cases have been reported worldwide. Although the diagnosis of pineal cavernous malformation is not easy because of the extreme rareness of this condition, the presence of this lesion can be suspected based on its typical radiological findings. Case 1. A 42-year-old man presented with a limitation in his upward gazing. Radiologic examinations showed acute hemorrhage in the pineal region. He underwent ventriculo-peritoneal (VP) shunting but the patient's condition deteriorated after the shunting surgery. We operated and totally removed the tumor and the hemorrhages via an occipital-transtentorial approach. Case 2. A 37-year-old man presented with diplopia. Radiologic examinations showed acute hemorrhage in the third ventricle. He underwent VP shunting, and after this procedure the diplopia was aggravated. We operated and totally removed the tumor and the hemorrhages via an occipital-transtentorial approach. If there is no doubt about the pineal cavernous malformation on MR imaging, we strongly recommend early surgical intervention without performing a risky biopsy. In this study, we describe our experiences for the diagnosis of cavernous malformations in the pineal region with special emphasis on the radiological aspects and the clinical course of this disease.
INTRODUCTION
Cavernous malformations were previously thought to be a rather rare pathology occurring predominantly in adults. However, new radiological techniques such as MR imaging have demonstrates that these lesions are more frequent than had been previously thought, and especially in the pediatric patients. Intracranial cavernous malformations accounted for 5 to 16% of all cerebral vascular malformations found on an autopsy series. 1, 2 Cavernous malformations can occur in all parts of the central nervous system, but they most commonly arise in the cerebral hemispheres, and they may especially be found along the midline in regions such as the basal ganglia and brain stem. 3, 4 However, the pineal region is one of the most infrequent locations for cavernous malformations to be found, with only fifteen cases being reported so far in the literature. [5] [6] [7] Since very little has been written about the diagnostic features of these tumors when they occur in the pineal region, they are often clinically and radiologically confused with other tumors of the pineal region, particularly the germ cell tumors. 8 When radiotherapy is performed without the benefit of biopsy, cavernous malformations as well as other radioresistant neoplasms are sometimes unnecessarily treated. In the study, we describe our experiences for the diagnosis of cavernous malformations in the pineal region with special emphasis being placed on the radiological aspects and the clinical course of this disease.
relevant information that would account for the development of these symptoms. The neurological examination on admission revealed a limitation in his upward gazing of both eyeballs without papilledema. His best-corrected visual acuities were 20/30 OD and 20/25 OS. The color vision and pupillary function were both normal. The brain CT and MR imaging showed acute hemorrhage in the pineal region extending to the third ventricle (Fig. 1) . The differential diagnosis for this patient included germ cell tumor, pineal parenchymal tumors, glial tumors, and vascular malformations. To rule out the vascular malformations, we performed a 4-vessel angiography procedure, but we could not locate any vascular anomaly (Fig  2) . Tumor markers such as β-HCG, α-FP, and PLAP were all within their normal limits. During the period of time that the differential diagnosis was being performed, the patient's condition progressively deteriorated. A follow-up brain CT demonstrated the presence of a newly developed hemorrhage and enlarged ventricles ( Fig. 3A and B). We treated him for acute hydrocephalus by means of VP shunting with a Heyer-Schulte highpressure shunt system (Fig. 3C) . However, the patient's condition continued to deteriorate and he became stuporous 2 weeks after the shunting. We repeated the brain CT and it revealed the presence of a new, huge hemorrhage in the pineal region that was of a different age than the previous lesion, and the patient's hydrocephalus had worsened (Fig. 3D) . We decided to operate via an occipital-transtentorial approach, and we found and totally removed the hemorrhages and also a tumor that was found mixed in the acute hematomas. The tumor was filled with xanthochromic, reddish brown colored old blood. The patient was subsequently cured with some residual limitation of the upward gaze remaining (Fig. 4) . The histologic examination of the tumor showed the presence of a cavernous malformation composed of a compact mass of sinusoidal-type vessels that were immediately contiguous with each other and had no intervening parenchyma ( 
Case 2
A 37-year-old man visited a private ophthalmic clinic because of diplopia that was aggravated during his upward gazing. No significant abnormalities were found upon ophthalmologic examination except for a mild conjugation problem occurring during his upward gazing. He was referred to the department of neurosurgery of our institute and he underwent a brain CT. The brain CT showed acute hemorrhage in the third ventricle and there were also spots of calcification (Fig. 6A ). This hemorrhage showed mixed signals that indicated different ages of the pathology, but there was no hemosiderin rim on the T1-and T2-weighted MR ( Fig. 6B and C) . The clinical differ- 
A B
ential diagnosis was primarily split between intratumoral hemorrhages originating from a pineal germ cell tumor, specifically choriocarcinoma vs. hemorrhage from a pineal cyst. The presence of a cavernous malformation was considered to be a less likely diagnostic possibility. We were easily able to rule out the possibility of vascular malformations because MR angiography revealed no such abnormalities (Fig. 6D) . Two weeks later, he experienced an improvement in the diplopia, but the headache that he had been experiencing became progressively more severe. Brain CTs, performed weekly after the first attack of symptoms, revealed a resolving hemorrhage and the progressively enlarging ventricles (Fig. 7A , B, and C). We performed VP shunting using the HAKIM programmable valve without the prechamber Shunt System, and it was adjusted to an opening pressure of 120 mm CSF. Two days after the shunting, he complained of a sudden aggravation of his diplopia. The follow-up brain CT revealed rebleeding from the previous lesion (Fig. 7D) . The patient underwent an emergency operation consisting of an occipital-transtentorial approach to the pineal region, and this resulted in the complete excision of a discovered tumor and the removal of the hematoma. The lesion mass was composed of acute and subacute hematomas and it was well encapsulated. These surgical findings corresponded to a cavernous malformation. The mass was easily separated from the surrounding tissues that included the midbrain. Although the mass had some fibrous connection with the internal cerebral vein, it was successfully removed in its entirety without any violation of the deep venous structures. After surgery, his conjugation problem was not completely resolved right away, but he was otherwise in good health (Fig. 8) . The pathology of this case was confirmed as being a cavernous malformation (Fig. 9 ).
DISCUSSION
It is very important to perform the differential diagnosis in such cases because pineal hemor- rhage is very rare and it may be associated with many different causes. The possible causes of pineal hemorrhages are pineal region tumors, [8] [9] [10] [11] [12] [13] [14] vascular malformations and pineal cysts, 15- 21 Embryonal carcinoma and metastatic melanoma are also included in the differential diagnosis. 9, 22 However, there have been no incidences of recurrent massive hemorrhage originating from these tumors except in the case of choriocarcinoma. 11 Choriocarcinoma can be discriminated by checking the β-HCG level from the serum or from the cerebrospinal fluid. In our two cases, the tumor markers for the differential diagnosis of germ cell tumors, β-HCG and α-FP, were within the normal limits. Pineal cyst is the next most likely cause of pineal hemorrhage. Pineal cysts are relatively common, and they occurr in as much as 1.4 to 4.3% of the patients that undergo MR imaging. These cysts can become symptomatic, and there have been about 75 verified cases reported in the literature so far. 5, 15, 17, 23 However, their hemorrhagic manifestation is extremely rare, with only 8 such cases being found in the literature. A B affect 0.5% to 0.7% of the general population, and they account for 5% to 16% of all the cerebral vascular malformations found in several autopsy series. [1] [2] [3] [4] Cavernous malformations most commonly occur in the cerebral hemispheres and especially along the midline in regions such as the basal ganglia and brain stem. However, they have a susceptibility to occur in all parts of the central nervous system, including the pineal region in some rare cases. Only fifteen cases of pineal hemorrhage have so far been reported in the literature. Repeated hemorrhage is a characteristic of these cavernous malformations. [5] [6] [7] In our present cases, both patients experienced repeated hemorrhage on at least 3 occasions. The MRI characteristics of cavernous malformations are sufficiently unique to allow the diagnosis to be made in the majority of cases. 3, 7, 28 The lesions are best appreciated on the heavily T2-weighted spin-echo images. The classic signature appearance is a mixed signal "variegated" core surrounded by a ring of lowsignal intensity. The MRI signal intensity depends on whether there has been recent hemorrhage or thrombosis. 3 In the presence of subacute hemorrhage, the central core will be hyperintense. As the hematoma ages, the methemoglobin is rapidly broken down and converted to hemosiderin and ferritin. This breakdown of the blood products initially occurs along the margins of the hematoma, and it results in the gradual deposition of hemosiderin in the cerebral tissue that surrounds the cavernous malformation. MR imaging in our cases of pineal cavernous malformation showed mixed signal intensities with different ages, but there was a lack of any hemosiderin ring. This may have happened on account of the pineal gland being in a special location; it is surrounded by the third ventricle and several cisterns. Since pineal cavernous malformations were difficult to diagnose before the introduction of MRI, some incidences of this disorder were erroneously treated with irradiation before surgical resection was performed. 7, 29, 30 Although endoscopic or stereotactic biopsy for pineal lesions could be useful for the confirmation of the histologic diagnosis, 8 such tests run the high risk of repeated, potentially fatal bleeding occurring in the case of pineal cavernous malformations. The issue of surgical intervention in the case of cavernous malformation is controversial. It appears that asymptomatic cavernous malformations do not require prophylactic surgery or radiosurgery. This is because the morbidity and mortality associated with hemorrhage originating from these lesions are relatively low, and the rebleeding rate would also be expected to be low. 3, 31 However, recent reports have recommended surgical intervention in the case of clinically significant hemorrhage, uncontrollable seizures or progressive neurological deterioration. [32] [33] [34] [35] Moreover, once hemorrhage had occurred, the rebleeding rate is relatively high. 3 As observed in the present cases, cavernous malformations in the pineal region are not only associated with a higher rebleeding rate than cavernous malformations arising in other locations, but these lesions can also induce acute obstructive hydrocephalus. In the present cases, shunting for obstructive hydrocephalus had to be performed. However, shunting before the resection of pineal cavernous malformation would have been very dangerous because it might have caused huge hemorrhages originating from the lesions, and this would have caused a sudden deterioration in the patients' condition. We strongly recommend early surgical intervention if the MR imaging leaves no doubt as to the presence of pineal cavernous malformation. The surgical lesion should be completely resected because a subtotal removal of a cavernous malformation is associated with a high risk of symptomatic recurrence. Moreover, the origin of the lesion may be the tectum, and the clinical course of brain stem cavernous malformation, when treated conservatively, is unfavorable because of progressive brain stem dysfunction. 6 In conclusion, pineal hemorrhage does occur in rare cases, and it is known to have several different causes such as germ cell tumors, pineal cysts and vascular malformations, including the cavernous malformations. Although the diagnosis of pineal cavernous malformation is not so easy because of the extreme rareness of this condition, the presence of this lesion can be suspected based on the typical radiological findings. If MR imaging leaves no doubt as to the presence of pineal cavernous malformation, we strongly recommend early surgical intervention without resorting to a risky biopsy.
